SUMMARY Thirty-four patients with coronary artery disease were exercised on a bicycle ergometer until they developed angina. There was a highly significant fall in ejection fraction from a mean of 61 1 to 52-9 which was more pronounced in the group with three vessel coronary artery disease. 
SUMMARY Thirty-four patients with coronary artery disease were exercised on a bicycle ergometer until they developed angina. There was a highly significant fall in ejection fraction from a mean of 61 1 to 52-9 which was more pronounced in the group with three vessel coronary artery disease. A coronary index was computed which took into account the extent and distribution of coronary artery lesions. Those patients with an index <0 3 (that is more severe disease) had greater falls in ejection fraction than those with higher indices. All five patients in whom there was a fall in ejection fraction of 15 per cent or more had triple vessel disease. Wall motion abnormalities were assessed by a hemiaxial method. Of 34 exercise-induced zones of wall motion abnormalities, 32 were in regions supplied by significantly stenosed coronary arteries.
A test was defined as positive if there was an abnormal exercise ejection fraction (<50y%), an exercise-induced wall motion abnormality, or a fall in ejection fraction at angina of at least 10 per cent. Of the 19 patients with triple vessel disease, 18 (95 %) had a positive result, as did 11 of 15 (73%) patients with one or two vessel disease. A group of eight patients with normal coronary arteries were also exercised and in none of these was there a positive result. Exercise first-pass radionuclide ventriculography demonstrates changes in global and regional ventricular function in patients with coronary artery disease which are not present in normal subjects. It may also help to identify patients at high risk.
Since the main symptoms of ischaemic heart disease are present only at exercise, in recent years greater emphasis has been placed on the performance of the heart during stress. In the cardiac catheterisation laboratory both atrial pacing' 2 and hand grip exercise3 have been used to induce ischaemia. Sharma and Taylor4 reported a fall in ejection fraction on dynamic exercise in patients with coronary artery disease undergoing cardiac catheterisation.
Radionuclide ventriculography is a non-invasive procedure which allows exercise to be performed under more physiological conditions. Borer et al.,' using equilibrium gated blood pool scanning in a modified left anterior oblique projection, demonstrated a fall in ejection fraction in patients exercised to angina. Bodenheimer et al.,6 using the first-pass technique, also reported changes in regional ejection fraction in patients with ischaemic heart disease during hand grip exercise.
First-pass radionuclide ventriculography has been validated against contrast angiograms in the detection of regional and general wall motion abnormalities at rest7 and induced by pacing to angina.6
This study reports the changes in regional wall motion and ejection fraction induced by dynamic exercise to angina. It relates these changes to the extent and distribution of coronary artery lesions.
Patients and methods
Thirty-four patients were studied. There were 33 men and one woman whose ages ranged from 33 to 67 years (mean 51). All 25 to 30 per cent of the maximum count (N max) in any one cell was isolated and normalised to the image with the lower N max. The end-diastolic perimeters were then superimposed so that regional wall motion could be assessed.
Wall motion abnormalities were quantified by a hemiaxial method as used by Stone et al.8 This method was based on that described by Dwyer10 and Leighton et al." The long axis of the ventricle was drawn from the mid-point of the aortic valve plane to the apex. It was then trisected, and perpendiculars drawn from the points one-third and two-thirds of the distance along it to the ventricular perimeters at end-systole and enddiastole. Five hemiaxes were generated: two anterior, one apical, and two inferior, and the percentage shortening of each hemiaxis was calculated. The normal range of shortening of each hemiaxis was derived from the radionuclide ventriculograms of 22 patients without heart disease who were studied at rest ( Table 1) .
Hypokinesis of any hemiaxis was defined as a percentage shortening of less than two standard deviations below the mean percentage shortening of that hemiaxis in the normals. Akinesis was defined as absence of shortening of a given hemiaxis. (2) In order to make greater allowance for position and extent of lesions a coronary index was computed by the method of Balcon et al.12 For the calculation of the index, the coronary tree was divided into 13 anatomical sections (Fig. 1 (Fig. 4) . All 17 patients with a coronary index of less than 0 3 had a fall in ejection fraction on exercise to angina. 
WALL MOTION CHANGES
Thirty-four areas of wall motion abnormality were induced by exercise. Of these, 10 were anterior, 13 apical, and 11 inferior in location. All 10 patients who developed anterior wall motion changes had significant lesions in the anterior descending coronary artery. Of the 13 patients who developed apical wall motion abnormalities, 12 wall motion abnormalities on exercise to angina, 10 had a lesion in either the right coronary artery or the atrioventricular branch of a dominant left circumflex system. Thus, of the 34 areas of exerciseinduced wall motion abnormalities, 32 were in regions supplied by significantly stenosed coronary arteries (Table 2) . Fig. 5 shows the change in ventricular function induced by exercise to angina, in a patient with triple vessel disease. The end-diastolic perimeters are mauve in colour and the end-systolic perimeters turquoise. On the left is the resting study which shows symmetrical inward wall motion from the end-diastolic to the end-systolic perimeter. The study performed during exercise is shown on the right. There is extensive wall motion abnormality with apical akinesis and anterior and inferior hypokinesis. Ejection fraction fell from 75 per cent at rest to 39 per cent on exercise.
Discussion
It is accepted that impairment of left ventricular function occurs with the onset of ischaemia," 14 but the investigation of ventricular function in patients with coronary artery disease has been mainly directed towards catheter laboratory studies at rest.15 16 Sharma and Taylor4 showed a fall in ejection fraction on exercise during cardiac catheterisation, but did not investigate wall motion changes or relate their findings to extent of coronary disease.
By its very nature, exercise during cardiac catheterisation is an invasive and difficult procedure. The application of non-invasive radionuclide techniques to cardiology has allowed the assessment of cardiac function to be made during dynamic exercise tests which represent a more physiological state. Myocardial perfusion scintigraphy with thallium-201 is widely used,'7 18 
